THE Cardiac Work Evaluation Unit of
Boston has been in existence since 1952. In the ensuing years approximately 100 persons yearly have been referred to the Unit for determination of work capacity. They have been referred from four primary sources: physicians, hospitals, social agencies, and employers. At the time of initial evaluation at the Unit the large majority were unemployed and therefore were referred for assistance in job placement.
To evaluate the activities of the Unit, its results, and the factors useful in assessing patients and in predicting results, the referrals between the fall of 1955 and the summer of 1960 were selected for detailed retrospective study. This time span was chosen to avoid the earliest years of the Unit and still to allow sufficient time for reasonable follow-up of the subjects.
In the 5-year period chosen, 537 "cardiac" patients were referred to the Unit (table 1) . For the purpose of this report only the 375 persons with coronary or hypertensive heart disease are considered. The 109 patients with From the Cardiac Work Evaluation Unit, Boston, Massachusetts.
rheumatic heart disease will be reported separately. The other categories of heart disease contain too few patients for the results to be meaningful.
Subjects and Methods
The subjects are the 375 persons with coronary or hypertensive heart disease, or both, referred to the Unit from 1955 to 1960. These represent approximately 70 per cent of all referrals during that period. Although almost one half were hypertensive, as defined later, very few were referred because of hypertension alone. Since nearly all hypertensive patients had proved or suspected coronary disease, we have classified them together in this analysis.
All individuals referred to the Unit had thorough medical examinations and interviews with a social worker and vocational counselor at the initial evaluation. The services of a work placement agency were employed both for vocational counseling and for actual job placement as needed.
Following examinations and interviews all patients were discussed by the entire staff of the Unit and classified according to the functional and therapeutic classification criteria of the American Heart Association. An estimate of motivation was also made for all patients at this time.
All subjects were seen for follow-up when possible. It has been the intention of the Unit to have patients seen at least once yearly, or more frequently when particular needs arise, cept when they are closed out as conclusively "Cunemployable." Nevertheless, many persons disappeared from the routine follow-up. Questionnaires, therefore, were sent to all patients not seen within 12 months of termination of the study. In addition hospital records, personal physicians, and local social and welfare agencies were consulted. Though some were lost to follow-up, there is no reason to suspect that they represent an unusually selected group.
The tables report results in fractions, in which the denominator represents the number of individuals on whom there is appropriate information.
For these purposes patients lost to follow-up or who have died are excluded. Under the heading "Employed when last known" is reported the most recent work status of all patients followed up at least once after initial evaluation or, for those subsequently employed, at least once after beginning work. A few were known to have begun work, but no subsequent information is available; these are excluded from this column.
Statistical significance of differences has been determined by the chi-square test.
Results
During the period of study 299 patients, nearly 80 per cent, with coronary or hypertensive heart disease were considered employable Employment Experience of Heart Disease and 76 unemployable at initial evaluation (table 2). The reasons for "unemployability" included severe heart disease, other incapacitating medical problems, emotional factors, lack of motivation, and age. The group of employable patients has been arbitrarily separated into two age groups, those above and those below the age of 50, as indicated in table 2.
Follow-up experience for the groups under study is shown in table 3. Only 6 per cent of all patients had no follow-up after the initial visit. On the other hand 74 per cent of those still alive were followed for more than 3 years. The mean duration of follow-up of employable patients was 4.5 years.
Only 24 per cent of individuals considered employable were actually working at the time of initial evaluation (table 2) . Subsequently, over 80 per cent continued or achieved employment, and 64 per cent remained employed when last known. The latter would be even higher if individuals who have retired because of age were excluded from the calculations. Although success in Table 2 Patients with Coronary, Arteriosclerotic, or Hypertensive achieving employment was nearly equal for the two age groups, continued employment was significantly more common for those under the age of 50 (74 per cent) than for those older (54 per cent) (p less than 0.01). Among those followed for more than 3 years, 73 of 91 (80 per cent) of the younger group, and 46 of 85 (54 per cent) of the older were still employed. Seventy-six persons were initially considered "unemployable" in the regular labor market (table 2). One of these was actually employed in his home at the time of evaluation. Over 25 per cent subsequently did achieve employment, but only 14 per cent were working when last known.
Circulation, Volume XXXI, Apr,rl 1965 In the sections below, the employment experience of individuals considered employable is related to specific medical and personal factors.
Medical Factors

Cardiac Class
Successful employment was shown to be more likely for cardiac patients in class IIB or better (table 4) . For all patients, regardless of age, in the better classes, almost 85 per cent achieved work, and 70 per cent were employed when last known 4.4 years (mean) after initial visit. In contrast, though nearly 70 per cent of those in the poorer classes obtained jobs, only 30 per cent were still work- ing 4.8 years (mean) after evaluation. The latter is significantly poorer than the latest percentage employed for the class IIB group (p less than 0.01). The differences are particularly striking for those above the age of 50: over 60 per cent of class IIB patients were employed at the most recent follow-up, while less than 20 per cent of those in poorer cardiac classes remained at work (p less than 0.01).
Heart Size
For all patients, regardless of age, and for the older age group alone, the differences in rate of employment between patients with normal heart size and those with enlarged hearts were small and statistically insignificant (table 5). In the younger group, however, continued employment was statistically more frequent when heart size was normal (p less than 0.05).
It must be emphasized that an element of selection may be present and may be reflected in some results. Among patients with the most advanced heart disease, the death rate is relatively high. The patients followed over a long period, therefore, are usually the less severely ill. For example, over 40 per cent Employment Experience of those with enlarged hearts at initial examination have died, compared with 16 per cent of those with hearts of normal size. The statistics reported and compared throughout this report are based on the most recent follow-up of individuals still living.
History of Myocardial Infarction
The employment experience related to the incidence of prior myocardial infarction is shown in table 6. The differences in employment are accounted for almost entirely by the poor results seen in the younger patients after more than one myocardial infarction. In this group relatively few patients ever returned to work (p less than 0.05), and fewer were working when last known (p less than 0.01).
The number of patients with histories of multiple infarctions, however, is quite small, and the death rate is significantly higher than for the other groups (p less than 0.05).
Blood Pressure
For the purpose of this investigation, "moderate hypertension" was defined as a diastolic pressure of at least 100 mm. Hg, or a systolic pressure of 160 and diastolic pressure above 90. "Severe hypertension" vas defined as a diastolic pressure of at least 120, or a systolic pressure of 220 and diastolic pressure of 110.
Regardless of blood pressure about 80 per cent of patients achieved employment following evaluation (table 7) . Later follow-up, however, showed divergent results. Only one of 10 individuals with severe hypertension was still employed when last known, compared vith 60 per cent of moderate hypertensive and 70 per cent of normotensive subjects (p less than 0.01). For the groups under the age of 40 the results also showed significant differences (p less than 0.01). For the groups over 50 the results were similar but not quite significant statistically.
Personal Factors Motivation
For this and the following section, only patients unemployed but considered employable at initial evaluation were revieved. Those who were working at the time of evaluation must be considered "well motivated." Of greater interest is the comparison between unemployed persons apparently well motivated and those seemingly poorly motivated for work.
Circulation, Volume XXXl, April 1965 The assessment of motivation at the initial interview proved to be of value in indicating the likelihood of success in work placement (table 8) . Though motivation is not always easy to judge in a single session, it was mandatory for the purposes of this study to prevent the results themselves from influencing the estimates of motivation. Only a small number of referrals were judged to be poorly motivated. Among these, however, only 20 per cent ever achieved work, and none was working at last follow-up. In contrast, more than 80 per cent of well motivated individuals found employment, and 65 per cent were still working when last known. Among those whose motivation was "questionable," results were intermediate. The differences were statistically significant among the younger patients (p less than 0.01), among those above the age of 50 (p less than 0.05), and among all patients regardless of age (p) less than 0.01).
To avoid the possibility that motivation may merely reflect the severity of symptoms and thus a spurious selection of patients, the results were analyzed again for only those individuals in class IIB or better. The results were essentially unchanged. Among well-motivated patients, 71 per cent were employed when last known. No poorly motivated individual was then working. The difference was again significant (p less than 0.01).
Duration of Unemployment at Evaluation
For the purposes of comparison, referrals were separated into three groups according to duration of unemployment at the time of the first visit to the Unit (table 9). When this was less than 6 months, almost 85 per cent obtained work, and about 70 per cent retained jobs. When unemployment was between 6 and 12 months, corresponding results were slightly poorer. When unemployment exceeded 1 year, only 56 per cent returned to work, and about 30 per cent remained employed when last followed. The differences were again statistically significant (p less than 0.01 for groups under 50, less than 0.05 for those above 50, and less than 0.01 for groups combined regardless of age).
To avoid the possibility again that prolonged unemployment simply reflects persistently disabling symptoms, the results were again compiled for the subjects in cardiac class IIB or better. Though the difference in employment experience disappeared between the groups unemployed less than 6 months and those unemployed for 6 to 12 months, the results for the patients unemployed more than 12 months remained significantly poorer than for the other categories (p less than 0.01). While 85 per cent of individuals unemployed less than 1 year achieved new employment, and 71 per cent remained employed when last known, the corresponding figures for those unemployed more than 1 year were 57 per cent and 38 per cent, respectively. These differences were again statistically significant (p less than 0.01).
Death Rate
Of the total 375 subjects under study, 88 (24 per cent) are known to have died. Of the 76 subjects considered unemployable, 32 per cent are dead (table 2). Of 299 initially employable, 21 per cent are dead.
Among employable subjects whose work histories were known after initial evaluation, the death rate was 20 per cent, identical for those who returned to work and those who never worked again. Because work histories varied so widely, no attempt was made to compare death rate with type or duration of employment. None is known to have died on the job.
Discussion
The determination of employability of individuals with heart disease depends upon the evaluation of several factors; indeed, the current medical state may be less critical than other considerations. Fears concerning the safety of physical activity may influence the patient, his family, and his physician. Insurance and pensions may also influence his motivation for work. Finally, legal and economic aspects of the employment of cardiac patients may affect the decision of the employer."12 Work evaluation units have been committed to the concept that individuals with cardiac disease, after proper evaluation and with appropriate limitations, can be employed successfully and safely.3 The present study supports this belief. Of the total number seen during the study period, only 20 per cent were considered unemployable. There is reluctance to classify marginal individuals as permanently unemployable. This classification is reserved for those who are judged to be unemployable by any reasonable standards of Circulation, Volume XXXI, April 1965 employers on the basis of age, extreme limitation of physical capacity by cardiac or other diseases, or emotional factors. Nonetheless, even among these, more than one fourth obtained jobs, and several remained employed in some manner even 7 years later. Among the referrals considered employable, the record of subsequent employment was far better, of course. Approximately 80 per cent returnee to work or, if already working, remained on the job. It cannot be concluded that this is representative, however. The population under study, and referred to such a unit, is selected, undoubtedly containing a larger number of "problem" cases and probably more severely symptomatic patients than is typical in a medical practice or clinic. On the other hand, these patients receive more attention, counseling, and direct aid in job placement than similar individuals not referred to such a unit.
The rate of successful employment in the present study is comparable to or better than that reported elsewhere,4 though direct comparison is inappropriate because of differences in classification and methods of reporting results. Initial work placement, however, may be misleading, for it may reflect only the enthusiasm of the vocational counselor or the optimism of the clinic team. Continued employment is a more meaningful indication of the success of the unit. Some of the factors having prognostic value at the first interview and examination have been indicated in this report. Medical and other determinations for the purposes of the present study are all based on the initial visit. Though such determinations may properly be subjected to later review and revision, data may be biased by subsequent information or results. Therefore, even changes in medical status have not been considered in our classification of patients.
Several conclusions appear warranted from these results. In the first place, a high proportion of individuals with coronary or hypertensive disease, when considered employable by a unit such as this, can and do return to gainful employment. The relative importance of various medical, personal, and occupational factors cannot be quantified, but the age of the individual, his degree of cardiac or other incapacity, his motivation for work, and his period of unemployment at initial evaluation are all important. When other factors are constant, the younger patients have greater employment success than the older; but when cardiac class, motivation, or duration of unemployment is less favorable for the younger, their results approach or even fall below those of the older but otherwise more favorable individuals.
Of all the factors evaluated, motivation may be the most critical. Although a few poorly motivated persons returned to work briefly, not one remained employed when last known to us. Duration of unemployment may also indirectly reflect motivation, when medical factors are controlled. Successful employment after more than 1 year out of wvork was rare.
There is controversy concerning the role of physical exertion in the genesis of coronary occlusion and myocardial infarction. Although prospective employers and their insurers have frequently avoided or even forbidden the employment of persons with known heart disease, there is little objective support for the specific fear that physical activity-even vigorous activity-worsens coronary disease or increases the risk of acute coronary occlusion. The complexity of the subject and differences of opinion have recently been reviewed.5 6 An extensive autopsy study in Great Britain indicated an incidence of "ischemic" heart disease higher in persons in physically light work than in those in heavier occupations. 7 The present study indicates that death rates for groups initially comparable in medical and cardiac status are not affected by employment. Neither these results nor those of similar investigations will abruptly alter the fears and prejudices of employers, physicians, families, and patients, but the magnitude of the problem and the incidence of atherosclerotic and hypertensive heart disease in the population of working age certainly justify educational efforts to reduce such fears and to emphasize the considerable work capacity of most cardiac patients.
Summary
A study of 537 patients referred to the Cardiac Work Evaluation Unit of Boston during the 5-year period from 1955 to 1960 has been undertaken. The present report concerns the 375 individuals with coronary or hypertensive heart disease evaluated during the period of study.
Of the total number, 76 were considered unemployable and 299 (80 per cent) employable. Of the employable, 64 (21 per cent) are known to have died subsequently. Of those for whom some follow-up was obtained, 82 per cent returned to work or continued working after initial evaluation. When last known, 64 per cent of those still alive wvere still working. The mean duration of follow-up for this series was 4.5 years.
Consideration of the factors that may influence the subsequent employment experience indicated that successful employment was significantly more frequent for subjects below the age of 50, with favorable current cardiac classification (IIB or better), with apparently good motivation, or after a period of unemployment less than 1 year, than for patients in Circulation, Volume YXXXI, April 1965 whom any of these factors was unfavorable. Certain specific medical factors, such as heart size, history of previous myocardial infarctions, and blood pressure, had a less constant relation to subsequent employment, though they did have some relation to the medical prognosis.
There was no indication in the present study that employment influenced the mortality statistics.
How Medicine Became a Science Medicine could not be called scientific until some of the main causes of disease were known and until specific remedies could be furnished for some at least of these diseases. Koch (1843-1910), following up the work of Pasteur, laid down the criteria upon which one could depend in judging whether any particular organism was the cause of any particular disease. Using the method of Koch, the proximate causes of many infective diseases were discovered and the possibility of accurate or specific treatment foreshadowed. Pasteur himself discovered a method of producing immunity against rabies, although no organism to which that disease might be attributed had been discovered. Other attempts to produce immunity were for some time not successful.
The effect of Pasteur's work on surgery was immense, thanks to the patient and thorough work of Joseph (later Lord) Lister, whose publication in 1867 of a method of preventing suppuration in wounds by the use of antiseptics opened a new world to surgeons. The mystery of suppuration, of hospital gangrene and of pyaemia was solved and the way to their prevention outlined. Armed with antiseptics or protected by asepsis, and assisted by anaesthesia, surgeons began to be bolder and the vast field of abdominal surgery was explored. For some years, however, much surgery xvas crude and suffered froom a lack of a correct knowledge of the physiology of the body.- 
